We discuss the partial restoration of U(1) A symmetry in high hadronic excitations within the instanton model for QCD vacuum, resulting in the appearance of the parity doublet structure of glueball spectrum. The arguments in favor of an interpretation on X(1835) state as the lowest pseudoscalar glueball state are presented. A new solution of proton spin problem is also suggested caused by the large glueball contribution to the Generalized Goldberger-Treiman relation for the flavor singlet axial coupling constant.
Introduction
The identification of the glueball states in the hadron spectrum is one of the most exciting topics of hadron spectroscopy [1] , [2] , [3] , [4] , [5] . In the scalar sector of J P C = 0 ++ , there are three candidates for the lowest mass glueball state f 0 (1370), f 0 (1500) and f 0 (1710). The values of their masses are in agreement with the predictions of lattice QCD , m = 1.4 ∼ 1.8 GeV, [6] and also with QCD sum rules approaches [7] , [8] . For the pseudoscalar sector of (J P C = 0 −+ ), the situation is not clear. Usually only η(1440) is discussed as the possible candidate for the pseudoscalar glueball [9] , [10] . However, this suggestion is disfavored by a large disagreement between its experimental observation and predictions of both lattice QCD [6] and QCD sum rules [7] , [8] , that is, m = 1.86 ∼ 2.7 GeV. Furthermore, the peculiarities of η(1440) production in different reactions give birth to strong doubts on its glueball origin [11] , [12] .
Recently, BES Collaboration observed X(1835) state in the reactions J/Ψ → γpp and J/Ψ → γη ′ π + π − [13] , [14] . The most remarkable property of this state is its strong coupling with proton-antiproton channel which has lead to speculations about its baryonium origin (see [15] and references therein) .
In this Letter, by using idea of partial U(1) A symmetry restoration in high hadronic excitations, we will show that it is more likely X(1835) that is the lowest mass pseudoscalar glueball state 1 . Furthermore, its large couplings to gluons and proton-antiproton channel allows us to propose a new solution of so-called proton spin problem.
Parity doublets in hadron spectrum, instantons and low mass glueballs
Nowadays, several attempts to explain the observed parity doublet structures in excited hadron states are under discussion [17] , [18] and [19] . The attractive idea, introduced firstly by Glozman, is on the connection of this doublet structure with phenomena of chiral and U(1) A symmetry restorations in highly excited quark states. However, in spite of the significant progress, the complete understanding of the underlying microscopic QCD mechanism is absent so far. The existence of instanton, a strong non-perturbative fluctuation of gluon fields, in QCD vacuum is considered as a principal mechanism for the chiral and U(1) A symmetry violations in hadron world (see reviews [20] , [21] ). Therefore, it is natural to assume that the parity doublet structure at the high hadronic excitation stems from the suppression of the interaction between quarks and gluons induced by instantons of the violated chirality and U(1) A symmetries. 2 . A wellknown example of such interaction is the famous t'Hooft quark-quark interaction which may be obtained from the so-called quark zero-modes in instanton field [22] . Another example for the instanton induced chirality-flip interaction is the non-perturbative quark-gluon chromomagnetic interaction which is also quite important in hadron physics [23] , [21] . Such interaction is governed by the single instanton contribution which is proportional to the integral of instanton density n(ρ) over instanton size ρ. Within instanton liquid model for QCD vacuum the instanton density can be approximated rather well by the Gaussian-tail distribution ( see [20] and discussion around Eq.(85) in [8] ):
with n ef f ≈ 0.5f m −4 and ρ c ≈ 0.33f m. The shape of Eq.(1) has correct behavior as being ∝ ρ b 0 −5 at small ρ for number of flavors
given by instanton perturbative theory, and at large ρ as being ∝ exp(−a 2 ρ 2 ), as is supported by the lattice calculations (see discussion in [24] ). Very important feature of the so-called direct instanton contribution to the correlator of two hadronic currents with the opposite parities but with the same other quantum numbers, is the flipping of the sign of contribution with changing of parity
where Q 2 = −q 2 . This property is known for a long time (see for example Tables in paper [26] ) and directly related to the U(1) A symmetry violation induced by instantons and to the (anti-) self-duality of (anti-)instanton field in Euclidean space-time, G I,Ī µν = ± G I,Ī µν . Therefore, the difference in two correlators, determining the splitting mass between parity doublets, 3
can be related to single-instanton contribution calculated with some effective instanton density. The phenomenological side of the difference Eq.(3) is determined by the difference of contributions of parity partners
where λ i , M i are residues and masses of corresponding resonances.
The instanton field has strong localization in space-time:
where x 0 is the instanton size,η aµν is the 't Hooft symbol, and (5) correspond to the singular gauge. This property leads to the direct instanton contribution to hadron correlators which is proportional to product of McDonald functions K n (z), with z = ρQ [46] , [32] , [8] . McDonald functions are exponentials at large z, ∼ exp(−ρQ). The value of Q where contribution from given parity doublet is important in phenomenological sum in Eq.(4) is Q ∼ M i . Therefore, it is evident that due to exponential decay of direct instanton contribution to the difference of two hadronic correlators with opposite parities, ∆Π(Q 2 ), one should expect parity degeneracy in the spectrum of high mass hadronic excitations.
Let us now apply this idea to the problem of low mass glueballs 4 . The direct instanton contribution to the difference of two correlators of glueball currents with opposite parities is [25] , [8] :
where the glueball currents for scalar and pseudoscalar states are:
and G a µν (x) = 1/2ǫ µναβ G a αβ (x). In Eq. (6), ρ cut gives the cutoff of the contribution from large instantons, ρ cut ≈ 1/µ r , where µ r is the normalization scale (see discussion in [8] ).
Hadron states with strong coupling to gluons should give the contribution to phenomenological side Eq.(4) of the difference Eq. (6) . So, all of them should have quantum numbers I = 0, J P C = 0 ±,+ . For the negative parity states we have following evident candidates: η(550), η ′ (958), η(1295), η(1440) 5 . We will now assume that a new resonance X(1835) is the lowest mass pseudoscalar glueball state and will be added to this list. For the positive parity states the candidates are following: f 0 (600)/σ, f 0 (980), f 0 (1370), f 0 (1500), f 0 (1710). Now, by looking at the values of their masses one can form the parity doublets : 6 . We consider only chiral limit m u = m d = m s = 0 and therefore will neglect all possible effects related to the mixing between SU(3) f octet and singlet states. Thus, the contribution to Eq.(4), originated from member of SU(3) f octet, η(550), and correspondingly, its parity partner f 0 (600)/σ to Eq.(4) should be excluded. It is well known that due to axial anomaly η ′ (958) has strong coupling to gluons (see review [31] ):
where F η ′ ≈ √ 3f π , the f π = 132 MeV is pion decay constant. Therefore, there is the contribution to Eq.(4), coming from doublet [η ′ (958), f 0 (980)]. Usually, η(1295) and η(1440) are considered as good candidates for 2S radial excited states of η and η ′ . We also accept this treatment and will neglect possible contributions of doublets [η(1295), f 0 (1370)] and [η(1440), f 0 (1500)] to Eq.(4), in compare with the contribution coming from doublet [η ′ (958), f 0 (980)] 7 . 4 The phenomena of the parity degeneracy in glueball spectrum is also appeared within model of glueballs as the twisted closed gluonic fluxtubes [10] . 5 The Particle Date Group gives now two resonances η(1405) and η(1475), instead of a single resonance η(1440) [33] . However, this splitting can be easily explained by a node in the wave function of η(1440), interpreted as a first radial excitation of thesystem [11] . 6 Recently BES Collaboration has observed additional resonance f 0 (1790) in the decay J/Ψ → φπ + π − [30] . This state has similar properties with f 0 (1370), which has observed in the same reaction. Therefore, one can treat f 0 (1790) as the next radial excitation of f 0 (1370). Furthermore, this state is a good candidate into the parity partner of η(1760) [33] . However, it is needed to confirm the existence of both of these states. 7 Our numerical fit below shows that even contribution of groundstate mesons, η(958) and f 0 (960), to Eq.4 is very small. Therefore, one can neglect the possible contribution of their radial excitations.
Let us discuss now the candidate for glueball parity doublet [X(1835), f 0 (1710)]. Both of them have been observed in radiative J/Ψ decays. This signature is expected to be one of the important properties for glueballs. Furthermore, in recent paper [34] it was argued that the larger observed coupling of scalar glueball f 0 (1710) to KK state compared to two pion state could be easily explained by chirality argument. The X(1835) was observed in two channels, pp and η ′ π + π − , but was not in π 0 π + π − channel. The observation of X(1835) in the channel with η ′ gives the indication on its glueball origin, due to large coupling of η ′ to gluons Eq.9. Furthermore, the strong coupling of this state to protonantiproton state can be related to the contribution of gluon axial anomaly to proton spin (see below), which is known to be large. The non-observation of decay of this resonance to π 0 π + π − can be easily explained by very small mixing, being ∝ (m u −m d )/M G , of I = 1 π 0 state with I = 0 glueball. We should also mention that the value of f 0 (1710) mass for scalar glueball is strongly supported by the quenched lattice calculations [6] . At the same time, the value for pseudoscalar glueball X(1835) is smaller than the quenched lattice prediction, M 0 − ≈ 2.5 GeV [6] . However, such difference might be related to the neglect in the quenched approximation of the correlations between instantons. These correlations are coming from the virtualpair exchanges between instantons. One should bear in mind that such correlations lead to the so-called topological charge screening effect, which is specially important for flavor singlet pseudoscalar channel (see discussion in [20] and [8] ). It would not be worthless to point out that the mass of X(1835) is quite close to the lowest value predicted by QCD sum rules for pseudoscalar glueball M P = 1.86 GeV [7] and M P = 2 GeV [8] .
Now we are in position to estimate the coupling of X(1835) with gluons. By assuming that residues of parity partners are equal 8 and using Eq.(9) 
is obtained by fitting of contribution of direct instantons Eq.(6) with natural normalization scale µ r ≈ M η ′ by formula
The value Eq.(13) can be compared with results of recent QCD sum rules analysis for pseudoscalar λ P ≈ 2.9 GeV 3 and scalar λ S ≈ 1.64 GeV 3 glueballs [8] (see also [7] ). The comparison of theoretical Eq.(6) and phenomenological Eq.(12) formulas is presented in Fig.1 . It is evident that the our phenomenological model for the difference of two gluon correlators, based on interpretation of X(1835) as a lowest glueball state, gives very good description of direct instanton contribution. We should also mention, that due to large difference in the value of residues between glueball [X(1835), f 0 (1710)] and quark [η ′ (958), f 0 (980)] doublets Eq.(10), Eq. (11), the contribution of later can be safely neglected. Thus, one can conclude that our hypothesis on glueball origin of X(1835) is not in the contradiction with the modern knowledge on the behavior of correlators of gluon currents, and the coupling of this state to gluons is very large.
Proton spin problem and glueball X(1835)
During the last two decades there have been many attempts, both theoretical and experimental (see reviews [35] , [36] , [37] ), to understand how the spin is distributed among the different components of the proton. This investigation has been named generically as the proton spin problem. Since no fully satisfactory understanding albeit many conjectures has been found to this problem there is no unique answer to the question: where lies the proton spin? In this section the new way of the solution of this problem, based on the existence of light pseudoscalar glueball X(1835), is suggested. Present wisdom tells us that the key for understanding of small observed value of singlet axial coupling of nucleon g 0 A , is in the non-conservation of the flavor singlet axialvector current in chiral limit
By taking the matrix element of Eq.(14) between proton states, one can find the relation [38] , [39] g 0
where g 0 A is flavor singlet axial coupling constant and M P is proton mass. The matrix element of gluon operator in Eq.(15) can be rewritten as a sum over all possible intermediate pseudoscalar states G, connected with gluons
where coupling < GP |P > < GP |P >= −ig GP PΨP γ 5 Ψ P .
By using Eq.(10), Eq.(11) and Eq.(16), we have got
with
We will call Eq. 18 as a Generalized Goldberger-Treiman relation for the flavor singlet axial coupling in comparison with the well known Goldberger-Treiman relation for the flavor non-singlet axial vector ones in the chiral limit
with F π = √ 2f π and F η ≈ √ 6f π . The first term in Eq.(18) can be considered as the valence quark contribution to the proton spin. For SU(6) value of g η ′ = 6.5 (see [36] ) we have got for the valence part
which lies between the values given by non-relativistic quark model, g v A = 1, and by the MIT bag model g v A = 0.65. The second term in Eq.(18) comes from X(1835) glueball and therefore its interpretation as a gluon contribution to proton spin is very plausible. The gluon contribution is determined by the value of residue Eq.(13), which was estimated above and value of coupling g XP P . This coupling was estimated in recent paper [15] from experimental branching ratio of production X(1835) to pp in radiative decay of J/Ψ. Their estimation is
e.g |g XP P | ≈ 3.5. We should stress that sign of this coupling cannot be fixed via the branching ratio. The value is very large and approximately half of η ′ coupling with nucleon. The arguments in favor of negative sign of this coupling constant will be given below. It follows that g XP P ≈ −3.5.
By using Eq.(23), Eq.(13) and Eq.(18) we have for gluon contribution to g 0
Therefore, the total value of singlet axial coupling is
Therefore, we have obtained very large decreasing of g 0 A , arising from contribution of glueball X(1835) to proton matrix element of pseudoscalar gluon density. The Eq. (25) is in agreement with the present experimental data g 0 A ≈ 0.3 ∼ 0.4 (see [40] , [41] and references therein ).
To estimate the coupling of X(1835) to proton within non-perturbative QCD we will assume that the coupling is determined by the interactions of its two valence gluons with proton quarks through the instanton. The two-gluon interaction with quark induced by instantons follows from the generalized t'Hooft Lagrangian, obtained from consideration quark and gluon fields in instanton background [22] , [42] , [20] , [21] :
where m * q is the effective quark mass in the instanton vacuum, U the orientation matrix of the instanton in SU(3) c . Note that the form factors F q are taking into account of the off-shellness of quark and gluon legs coming to the instanton and k q , k g are virtualities of quarks and gluons, respectively. Eq.(26) leads to the following two-gluon vertex coupling with flavor singlet pseudoscalar current J 0 5 =ūγ 5 u +dγ 5 d +sγ 5 s:
where F (Q) is a form factor. In vacuum dominance approximation 9 the effective X(1835) interaction is
where
where we have used the simplest version of Shuryak's instanton liquid model [46] :
The effective η ′ -quark Lagrangian
follows from four-quark t'Hooft interaction induced by instantons [22] . In the same approximation as above, the coupling is
where λ η ′ q =< 0|iJ 0 5 |η ′ > /3, and F η ′ (m η ′ ) is the instanton induced form factor. By using the value λ η ′ q ≈ 0.16 GeV 2 [43] , < 0|qq|0 >= −(250MeV ) 3 , and α s ≈ 0.5 [21] , we have got the estimation
Therefore coupling constant of pseudoscalar glueball is negative. The absolute value of couplings strongly depends on the form factors in Eq. (33) , which are determined by the complicated dynamics related to the wave functions of X(1835) and η ′ and instanton form factor. The ratio of couplings of X(1835) and η ′ can be estimated as
Therefore, the glueball coupling with proton is large and negative. This negative sign is directly related to the negative sign of quark condensate and the sign difference of effective t'Hooft interaction for even and odd number of quark legs joining to the instanton. We should emphasize that at the present time the both, η ′ and X couplings with proton, are not well known. Thus, old phase shift analysis of elastic nucleon-nucleon scattering within a one boson exchange (OBE) model [44] gives the large value for g η ′ N N ≈ 7.3, which is close to the SU(6) value, and recent analysis of data within relativistic OBE model on the reactions γp → pη ′ and pp → ppη ′ [45] gives the estimation g η ′ N N ≤ 3. However, it is evident that for a careful extraction of η ′ coupling it is needed to consider also the additional glueball contribution to the hadronic reactions. It should be mentioned also that a rough estimation of glueball coupling constant to proton Eq.(23), given in [15] , is based on the limited data of the BES Collaboration on the reaction J/Ψ → γpp [13] . Additional experimental and theoretical efforts are needed to fix also that coupling.
Let us discuss some possible reactions where X(1835) can give significant contribution. Our identification of X(1835) as the lowest pseudoscalar glueball state leads to the expectation that its coupling to two real photons should be small or even vanishing. This expectation is based also on the decoupling of gluon axial anomaly from two real photons. Thus, the photon contribution to the axial charge vanishes on on-shell and first moment of spin-dependent structure function of photon g γ 1 is zero [49] , [50] 10 . However, X(1835) should couple with heavy vector currents, e.g. with non-zero virtual photons, gluons and massive vector mesons. This property is also related to the peculiarities of axial anomaly (see [36] ). Therefore, one can expect a large contribution of X(1835) in vector meson photo-and electro-production, in radiative decays of heavy quarkoniums and in γ * γ, γ * γ * collisions. In particular, the contribution of X(1825) might be behind of the difference in cross sections of ρ + ρ − and ρ 0 ρ 0 production in the reaction γγ * → ρρ, recently observed by L3 Collaboration [52] . Furthermore, an observation of X(1835) in the radiative decays J/Ψ → γ(γρ, γΦ), γ(ρρ) at BES would give very useful information on coupling of X(1835) to vector currents. The investigation of direct photo-and electro-production of X(1835) at upgraded CEBAF and SPring8 and at COMPASS, together with the study of its contribution to the cross-sections of various reactions at large momentum transfer, is certainly very welcome.
Conclusion
We have suggested an explanation of recent surprised results of BES Collaboration [13] , [14] , which observed a resonance X(1835) with very unusual properties. Based on the idea of partial U(1) A symmetry restoration for massive hadron states and the model of QCD vacuum as instanton liquid, we have given the arguments to consider the parity doublet [X(1835), f 0 (1710)] as the lowest mass glueballs . It is shown that the large coupling of X(1835) with gluons and proton allows us to give a new explanation of so-called 'spin crisis'. The estimation of glueball coupling to quark, based on effective instanton induced interaction, gives the negative sign of the glueball coupling to proton state. This negative sign is the fundamental reason for observed smallness of flavor singlet axial coupling constant of nucleon. The relation of the present approach to the more formal one to the problem of proton spin, based on investigation of QCD topological susceptibility [53] , [54] , and [55] will be the subject of forthcoming publication [56] . It would be also interesting to study the connection of X(1835) mechanism with the gluonic contribution to the proton spin obtained within chiral bag model [57] , and its relation to the different approaches based on instanton contribution to proton spin [58] , [59] , [60] .
